The variability of plasma total homocysteine (tHcy) was examined in 96 individuals over a 1-yr period. Blood tHcy concentrations varied from 7.1 mol/L in the bottom quintile to 14.5 mol/L in the top quintile. The mean tHcy was 10.4 mol/L, the between-person SD was 2.5 mol/L, and the within-person SD was 0.93 mol/L. There was little seasonal variation, and the reliability coefficient was 0.88. Mean tHcy concentrations were inversely related to mean plasma folate (r ‫؍‬ ؊0.36) and vitamin B 12 (r ‫؍‬ ؊0.35) concentrations. Median tHcy concentrations were ϳ1 mol/L higher in men than in women and in older (70 to 74 years) than in younger (65 to 69 years) individuals and higher in those with the TT and CT genotypes for the methylenetetrahydrofolate reductase polymorphism than in those with the CC genotype (10.7 and 10.6 vs 9.6 mol/L). Epidemiological studies based on single tHcy measurements may underestimate the magnitude of any risk associations with disease by 10 -15%.
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Moderately increased concentrations of total homocysteine (tHcy) are a strong and independent risk factor for occlusive vascular disease [1] [2] [3] [4] [5] . A metaanalysis of the observational studies of tHcy and vascular disease indicated that a prolonged 1 mol/L lower tHcy concentration was associated with a 10% reduction in risk of coronary heart disease throughout the range of 10 -15 mol/L [5] . tHcy is also a sensitive indicator of folate and cobalamin deficiencies [6, 7] . These predictive and diagnostic aspects of tHcy concentrations may be particularly relevant to the elderly, where increased tHcy concentrations are common [8 -12] .
Blood tHcy concentrations are chiefly determined by increasing age, male sex, renal function, and folate and cobalamin status [8 -12] . The vitamin effect is related to the role of 5-methyltetrahydrofolate as a substrate and cobalamin as a coenzyme in homocysteine remethylation to methionine [13] . The most common genetic determinant of plasma tHcy is the C677T polymorphism in the gene that encodes the methylenetetrahydrofolate reductase (MTHFR) enzyme. This genetic variant predisposes to high tHcy concentrations under conditions of impaired folate status, probably because the mutation impedes the formation of 5-methyltetrahydrofolate [14 -16] .
There is extensive information on the between-person variations in tHcy concentrations [8 -12] , and most clinical studies to date are based on a single determination [5] . Data on the within-person variability in tHcy concentrations are still sparse [17, 18] , despite the fact that such knowledge is essential for accurate assessment of risk factor associations with disease. A large within-person variability will underestimate the strength of any risk associations through "regression dilution" [19 -21] . Longterm stability of tHcy concentrations should be related to seasonal variations in folate status [22] . Furthermore, susceptibility to increased tHcy concentrations in individuals with the C677T mutation and low folate status [23] may suggest that such individuals have a greater variability in tHcy concentrations.
The aims of the present study were to examine the reliability of a single measurement of tHcy; to determine the within-and between-person variability in tHcy and the extent to which the between-person variation may be explained by differences in the vitamin or genetic determinants of tHcy; and to assess the seasonal variability in tHcy and compare these variations with those for serum cholesterol and systolic blood pressure in the same population.
Materials and Methods study population
One hundred healthy volunteers, ages 65 to 74 years and living in the community, were recruited from a general practice in Cambridge by postal invitation after random selection from age and sex registers [24 -27] . Individuals were visited in their homes at 2-month intervals from January 1991 to February 1992. The individuals were not fasting, but all visits were planned to occur at the same time of the day and on the same day of the week to minimize circadian and weekday variation in the results. This goal was achieved in 94% of the visits. Samples were available from 96 individuals for this study, which had local ethics committee approval.
information collection and blood sampling
Information was collected on medical history, smoking habits, use of vitamin supplements, and other aspects of health and life-style by means of questionnaires. A trained observer recorded blood pressure with a random zero sphygmomanometer after the individual had been seated for ϳ1 h.
At the end of each of the seven visits, 4.5 mL of blood was withdrawn from an antecubital vein into an evacuated collection tube containing 0.5 mL of 0.106 mol/L trisodium citrate, pH 7.6 -8.6 (S-Monovette, Sarstedt). All blood samples were immediately transported in an insulated box back to the laboratory. The temperature during transport was ϳ20°C. The transport time was in the range of 0.5-2 h, and the blood samples were immediately centrifuged on arrival. All aliquots of plasma used for tHcy analysis were stored at Ϫ70°C.
biochemical measurements
Serum total cholesterol was measured by standard laboratory techniques [27] . Plasma total tHcy concentrations were measured by using an HPLC method and fluorescence detection [6] . The analytical variability was assessed by measuring a single control plasma sample on 16 occasions (concurrently during the analysis of the study samples), yielding an analytical CV of 1.46%. Plasma folate and vitamin B 12 were measured by radioimmunoassays. The remaining DNA in plasma was extracted by adsorption to silica (QIAamp kit, Qiagen) and used for MTHFR genotyping [14] according to a procedure involving multiinjection capillary electrophoresis and laserinduced fluorescence detection [28] .
statistical methods "Multilevel" regression analysis (MLN-Software, London University Education Institute) was used to determine the within-and between-person variance and the reliability coefficients (between-person variance as a proportion of the total variance), calculated as 1/[1 ϩ (within-person SD/between-person SD) 2 ] before and after adjusting for age, sex, seasonality, MTHFR genotypes, and blood concentrations of folate and vitamin B 12 . The "critical difference" or minimal real change detectable with 95% confidence in two consecutive measurements was determined as the product of 2.77 ϫ (within-person SD) [18] . The magnitude of regression dilution associated with a single measurement of tHcy was estimated by using the inverse of the reliability coefficients [19 -21] and by determining the ratio of the ranges between the top and bottom quintiles at baseline and at remeasurement [19] .
Results

between-and within-person variability
The median and mean tHcy concentrations at enrollment were 10.1 mol/L and 10.4 (SD 2.7) mol/L, respectively, and the median tHcy was ϳ1 mol/L higher in men than in women (10.6 vs 9.5 mol/L), higher in older (ages 70 years or greater) than in younger (Ͻ70 years) individuals (10.7 vs 9.8 mol/L), and higher in those with the TT and CT genotypes compared with the CC genotype for the MTHFR polymorphism (10.7, 10.6, and 9.6 mol/L, respectively).
We compared the distributions of tHcy, total cholesterol ( Fig. 1) , and blood pressure (data not shown) in 96 individuals at enrollment with the average values of seven measurements. On remeasurement, the values for total cholesterol and systolic blood pressure were distributed closer to the mean. The mean of seven measurements of tHcy in 96 individuals was 10.4 mol/L; the between-person SD was 2.5 mol/L, and the between-person CV was 24% ( Table 1 ). The within-person SD for tHcy was 0.93 mol/L (CV ϭ 9%). The unad- 1998 justed critical difference between two consecutive tHcy values after a 2-month interval at P Ͻ0.05 was 2.6 mol/L. By contrast, the critical difference for two consecutive measurements on the same sample was 0.5 mol/L. The reliability coefficient for a single reading of tHcy was 0.88, which compared favorably with 0.85 for total cholesterol and 0.74 for systolic blood pressure. There was no difference in the reliability coefficients among subgroups classified by sex, age, and MTHFR genotype (data not shown).
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seasonal variation
Plasma tHcy concentrations were stable throughout the year with little seasonal variation (Fig. 2) . The median tHcy was 0.32 mol/L (3%) higher in summer compared with winter. The seasonal variations in total cholesterol and systolic blood pressure were larger, with a reduction of 5% in total cholesterol and 7% in systolic blood pressure in summer compared with winter. Mean folate concentrations of folate were 1.8 nmol/L higher in summer than in winter, but mean vitamin B 12 concentrations did not vary with season (data not shown). After adjustment for seasonal variation, the reliability coefficient for tHcy was unchanged, but that for cholesterol and systolic blood pressure improved. The critical difference after adjustment for seasonality was 2.5 mol/L for tHcy compared with 1.1 mmol/L for total cholesterol and 28.9 mmHg for systolic blood pressure.
determinants of thcy
The average blood concentrations of tHcy were inversely related to the average blood concentrations of folate (r ϭ Ϫ0.36) and of vitamin B 12 (r ϭ Ϫ0.35). Table 2 shows the estimated changes in tHcy concentrations for the specified differences in various determinants when analyzed separately as univariate regression coefficients or after adjustment for other variables as multivariate regression coefficients. Age was the strongest determinant of tHcy concentrations. A 10 nmol/L increase in folate concentrations was associated with a 0.8 mol/L reduction in tHcy, and a 100 pmol/L increase in vitamin B 12 was associated with a 1.1 mol/L reduction in tHcy concentrations. The CT genotype for the MTHFR enzyme was associated with a 1.1 mol/L increase in tHcy compared with the CC genotype; TT genotypes were too few to provide reliable estimates.
unexplained within-and between-person variation
The between-person and within-person SDs were reduced from 2.50 and 0.93 mol/L (unadjusted) to 2.16 and 0.87 mol/L, respectively, after adjustment for differences in seasonality, age, sex, MTHFR genotype, and vitamin status. Vitamin status and to a lesser extent genotype, age, and sex caused the slight adjustment of between-person SD, whereas a small portion of within-person SD was accounted for by seasonality and vitamin status. Only a small fraction of the within-person variation in tHcy was explained by analytical variability, and a substantial component of both the within-and between-person variability remained unexplained after the factors studied had been allowed for.
variability over time
There were substantial differences in tHcy values between individuals, with mean values ranging from 7.1 mol/L in the bottom quintile to 14.5 mol/L in the top quintile of the population at baseline (Table 3) . Within individuals, tHcy concentrations also varied so that the absolute difference between the top and bottom quintiles (as defined at baseline) declined from 7.4 mol/L at baseline to 6.1 mol/L on remeasurement 1 year later; the correlation between baseline measurements and those measured 1 year later was 0.86, which was similar to the overall reliability coefficient of 0.88.
magnitude of regression dilution associated with a single measurement
The reliability coefficients derived from all seven measurements provided an estimate of regression dilution. The correction factor (inverse of the reliability coefficient) for regression dilution of 1.14 (1/0.88) for tHcy compared favorably with 1.18 for total cholesterol and 1.35 for systolic blood pressure ( Table 1 ). The correction factors for regression dilution derived from the ratio of the ranges between the top and bottom quintiles of measurements taken 1 year apart were 1.21 for tHcy, 1.19 for total cholesterol, and 1.56 for systolic blood pressure [19] .
Discussion
The differences in tHcy concentrations within individuals were small (SD ϳ1 mol/L), whereas substantial differences were observed between individuals in this population. An individual's plasma tHcy was relatively constant over a 1-year period, with little seasonal variation. The reliability coefficient for tHcy was 0.88, which compared favorably with that for total cholesterol and was somewhat higher than that for systolic blood pressure. Moreover the reliability coefficients for tHcy observed in the present study were similar to the short-term reliability coefficient estimated by Garg et al. [18] of 0.94 over 4 weeks in 20 subjects but were higher than their estimate of 0.65 over 30 months in 9 subjects.
The magnitude of regression dilution bias, whether estimated by an analysis of seven consecutive measure- Clinical Chemistry 44, No. 1, 1998 ments or after a 1-year interval, suggests that a single reading of tHcy may underestimate the strength of any risk associations with disease by ϳ12% in this population. The magnitude of regression dilution associated with a single tHcy measurement was less than that for both total cholesterol and systolic blood pressure. The high reliability coefficients observed in this study for a single measurement reinforces the value of the tHcy determination in the diagnosis and follow-up in patients with suspected cobalamin or folate deficiency [7, 13] . The mean tHcy value of this elderly population was 1-2 mol/L below, and between-subject variability was equal to, that observed for a Norwegian population of ages 65-67 years [8] . Age, sex, vitamin status, and MTHFR genotypes were the main determinants of tHcy concentrations. The median tHcy concentrations were ϳ1 mol/L higher in men than in women and in older than in younger individuals [8] , and tHcy was inversely related to blood concentrations of folate and vitamin B 12 . Although there was a trend toward higher tHcy concentrations in individuals with the C677T mutation, the effect of this mutation was weaker than that observed in other studies [14, 15] . Both the lack of correlation between seasonal variations in serum folate with tHcy and the modest effect from the C677T mutation in this population may be due to high mean folate concentrations, which in turn may reflect the high overall socioeconomic distribution [9] .
The blood samples were collected in the participant's home and without immediate cooling because low temperature affects fibrinolytic assays. A time interval of 0.5-2 h passed before the blood cells were removed by centrifugation. Such sample handling probably caused an increase in tHcy by 0.5-1.5 mol/L in our present study [6] , but the low mean values show that the increase was modest. The effect of this in vitro phenomenon on variability is certainly related to the standardization of the sample processing because the homocysteine export rate in whole blood shows small interindividual variations under otherwise identical conditions [29] . The rigorous procedures recommended for tHcy measurement [6] may not be compatible with practical field conditions. Our data demonstrate that tHcy samples processed under such conditions yield reliable results when standardized procedures are used. 
